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Background/Purpose: The pili tree is indigenous in the Philippines and can easily grow in tropical
countries. This research work investigated the potential of pili pulp and pili nut oils for use in the nu-
traceutical and food industries.
Methods: Physicochemical properties, triglyceride, fatty acid and unsaponiﬁable matter proﬁles of the
enzymatically-produced pili pulp and nut oils were analyzed using standard methods.
Results: The oil percentages are high and the fatty acid proﬁles of the oil samples show that oleic acid is
the major fatty acid. In general, the samples are unsaturated which makes them potential materials for
high-value specialty oil products. The unsaponiﬁable matter is higher in pili pulp oil than in pili nut oil.
The lipid molecular species present in the unsaponiﬁable matter of the oils are carotenoids, tocopherols
and sterols.
Conclusion: The presence of these minor components in considerable amounts in the pulp and nut oils is
very interesting because of the many health beneﬁts that these oils can offer.
Copyright © 2015, Korea Food Research Institute, Published by Elsevier. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The pili tree (known in the scientiﬁc world as Canarium) is
indigenous to the Philippines (Fig. 1). Pili nut is an ethnic food,
especially in the Bicol region, the crop's center of genetic diversity.
It yields a kernel, the pili nut, which is precious to the country's
food sector (Fig. 2). The Philippines is the only country capable of
producing and processing pili-based food and byproducts with
Bicol supplying 80% of the total output volume. The pili nut and its
byproducts have a steadily growing worldwide market.
Another important product from the pili fruit is the oil, which is
a superior salad and cooking oil. Recent developments have also
shown the presence of lipid molecular species that provide many
beneﬁts and make pili oil a healthy oil for the food and nutraceu-
tical industries.
Pili belongs to the family Burceraceae,which contains numerous
species. There are four genera under this family, of which Canarium
is one, and approximately 40 species in the Philippines. Some au-
thorities believe that the most important nut-producing species in
the country is Canarium ovatum which is a fairly large tree that
attains a height of approximately 20 m and a trunk diameter oflecular Biology and Biotech-
ge, Laguna 4031, Philippines.
).
titute, Published by Elsevier. This isapproximately 40 cm. Leaves are alternate and compound with
opposite smooth leaﬂets, which are rounded at the base and
pointed at tip. The ﬂowers are borne on cymose inﬂorescences at
the leaf axils of the young shoots. A high degree of open-pollination
for pili occurs naturally; thus, trees grown from seeds exhibit a
wide range of variability in many horticultural characteristics [1].
Its economic uses make pili a highly appreciated species.
The pili tree is known for its fruits. These are approximately 4e6
cm long and of variable shapesdnamely, elliptical, oblong, oval,
and obovate. In general, the fruit has three parts: the skin, the pulp,
and the nut. The pulp, which turns from green to dark purple to
nearly black on ripening, surrounds the thick-shelled edible nut. In
the Bicol region, it is an important part of the diet because of its rich
nutty ﬂavor and nutritive value. Young pulp is also turned to
pickles. The nut is composed of the shell, testa, and kernel. The shell
is thick because of the hypodermal cells of the endocarp. The more
important part of the nut is the large kernel because it is rich in oil
that is valued for its quality. This kernel tastes like macadamia and
walnut and is used in confections and other food preparations.
When the nuts are eaten uncooked, it is said to have a purgative
effect [2].
The pili pulp is similar in composition to avocado. It contains
28e36% oil, carbohydrates, and protein. Its color varies from yellow
green to dark green, depending on the type of extraction [3]. Pili
kernel oil, however, contains approximately 70% oil and resembles
olive oil. However, the oil content varies, depending on severalan open access article under the CC BY-NC-ND license (http://creativecommons.org/
Fig. 1. Pili trees line Pili Drive inside the University of the Philippines at Los Ba~nos
Campus (Los Ba~nos, Laguna, Philippines).
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pili. The oil has a sweet taste, which makes it suitable for culinary
purposes. Because of its resemblance with olive oil, it may replace
imported olive oil for sardine manufacture, salad dressing, and
other food preparations [4]. Processing the oil will result in pili
butter, which can replace the important cocoa butter. Unlike co-
conut oil, pili is considered aﬂatoxin-free. Because of its fatty acid
proﬁle, it may be modiﬁed into specialty fats and oils.
Pili oil could be a source of lipidmolecular specieswhich are now
the focus of interest because of their nutraceutical application [5].
Preliminary work in the Fats and Oils Laboratory of BIOTECH (Los
Ba~nos, Philippines) revealed fatty acid proﬁles and minor compo-
nents such as the carotenoids, tocopherols, and sterols that have
speciﬁc potential for the nutraceutical industries. Carotenoids are
chemically conjugated hydrocarbons that may be further classiﬁed
as carotenes (i.e., without an oxygen atom) and xanthophylls with
oneormoreoxygenatoms. Carotenesare synthesizedonlybyplants.
Theseare colorful plantpigments that thebodycan turn intovitamin
A, and they are powerful antioxidants that can prevent some formsFig. 2. Different parts of the pili fruit: (A) Pof cancer and heart disease and enhance the immune response to
infections, which has been reported for other Canarium species [6].
Tocopherols have also received attention for their usefulness as
antioxidants in clinical and nutritional applications. It is
commonly called vitamin E that prevent some problems of the
central nervous system when included in the diet. Some forms of
tocopherol are also antioxidants because they help the body ﬁght
off chronic disease by helping to resist oxidation in the blood. It is
not surprising that the commercial demand for tocopherols has
increased yearly.
The lipid sterols, speciﬁcally phytosterols, are well studied.
Pharmacological studies have shown that they cause a fall in the
absorption of cholesterol by competing with it and cause an in-
crease in bile secretion. Various sterol oxidation products have been
isolated from traditional medicines in China and the anticancerous
properties of many drugs can be attributed to them [7].
Opportunities exist for the development of pili as a major crop
export that would compete well in the global world market. There
are vigorous efforts to revive the pili industry. An intensive national
program to grow pili has produced an oversupply of fruits for the
confectionery industry, whereas the pulp is totally discarded as
waste. However, pili pulp contains considerable quantities of oil
and protein and could therefore be used for high-value products.
Approximately 10 million cancer diagnoses occur each year
worldwide and the number is increasing rapidly. It is estimated that
as many as one-half of all breast cancers, one in every three lung
cancers, and three in every four cases of colon rectal cancers could
be prevented with healthier diets. If the minor components in the
unsaponiﬁable matter were to be used in curative drugs, the
application of pili nut and pulp oil would greatly widen. This study
aims to characterize the lipid molecular species of pili pulp and nut
oils using standard methods.
2. Materials and methods
Pili fruits were obtained from the Horticulture Department at
the University of the Philippines (Los Ba~nos, Philippines). Tri-
glycerides, fatty acids, carotenoids, and sterol standards wereulp, (B) Shell, (C) Testa, and (D) Kernel.
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standards were gifts from the Korea Food Research Institute
(Seongnam, South Korea). Neutrase was a gift from Novozyme
(Kalundborg, Denmark).
2.1. Oil extraction
A stirred tank extractor equipped with temperature controller,
pH controller, and agitation speed was used. The optimized con-
ditions for temperature, pH, pulpewater ratio, enzyme concentra-
tion, agitation speed, and reaction time of the extractionwere used.
Oil was separated by centrifuging, and crude oil that was separated
was further puriﬁed by washing with water three to ﬁve times or
until clear oil was obtained. It was ﬁnally centrifuged at 12,000 rpm
at 30C for 25e30 minutes to separate the remaining residue of
impurities and water. Traces of water in the oil samples were
completely eliminated by using a rotary evaporator at 27 psig at
55C for 30 minutes [3].
2.2. Fatty acid analysis
Fatty acid methyl esters of the triglycerides were obtained by
boron triﬂuoride methylation. A Shimadzu GC-14B (Shimadzu
Corp., Kyoto, Japan) gas chromatograph (GC) was used and equip-
ped with a SUPELCOWAX 10 (30 m) column, a ﬂame ionization
detector, and interphased to a GC-workstation. Detection and in-
jection ports were maintained at 260C and 250C, respectively,
while the column temperature was at 140e240C and programmed
at 4C/min. The carrier ﬂow was 5 mL/min and peaks were iden-
tiﬁed by comparing them with authentic standards [8].
2.3. Determination of unsaponiﬁable matter
The total unsaponiﬁablematter (UM) in the pili pulp and nut oils
was determined by the following method [9]. A mixture of 5 g of
the oil sample and 50 mL of 2N ethanolic potassium hydroxide was
allowed to saponify in a reﬂux set up for 1 h. After cooling, 80 mL of
distilled water was added and mixed. The resulting solution was
extracted three times with 40 mL diethyl ether. The upper layers
were then combined and washed twice with 20 mL distilled water,
once with 20 mL 0.5N potassium hydroxide and 40 mL distilled
water until a faint pink color was obtained after the addition of
phenolphthalein. The UM was then collected by evaporating the
solvent. The percent UM present was calculated by the formula:
Unsaponifiable Matter ð%Þ ¼ Mr
Mo
 100
in which Mr is the mass of the residue collected and Mo is the mass
of the test sample.
2.4. Carotenoid, tocopherol, and sterol analysis using thin layer
chromatography
Silica gel plates were spotted with 20e50 mg of the standards
(i.e., a- and b-tocopherol, a- and b-carotene, and lanosterol) and
samples. The plates were then developed using a hexane/ethyl
acetate (80:20) solvent system. Spots were visualized by spraying
with 0.01% rhodamine-6G solution in ethanol and viewed under
ultraviolet light. Quantiﬁcation was performed using BIOSOFT
Quantiscan software (Biosoft; Stapleford, Cambridge, UK) [10].
Spots were compared with authentic standards, scraped, and
extracted from the silica gel with 10 mL of diethyl ether/methanol
(9:1) for detailed analysis of the different components via high-
performance liquid chromatography (HPLC).2.5. Detailed analysis of tocopherols, sterols, and carotenoids by
HPLC
Tocopherol analysis by the JASCO HPLC system (Jasco Inc.,
Easton, MD, USA) was performed using a Finepak SIL-5 column
with a hexane/isopropyl alcohol/acetic acid (100:0.5:0.5 v/v) as the
mobile phase, at a ﬂow rate of 1.0 mL/min, and with a ultraviolet
detector set at 295 nm. Carotenoid and sterol analysis was per-
formed using a carbon-18 (C18) column with acetonitrite/iso-
propanol (1:1 v/v) as the mobile phase at a ﬂow rate of 1.0 mL/min
and a ultraviolet detector set at 208 nm.
3. Results
3.1. Oil extraction
Oil from the pili pulp and the pili nut samples were extracted
using enzymatic extraction methods established in our laboratory
(Fig. 3) [3]. The nut and pulp were dried at 70C and ground into
powdered samples. Enzymatic extraction involved the addition of
water in awater bath, addition of enzymewith constant stirring for
4 hours, and ﬁnally centrifugation and ﬁltration to separate the oil
from the residue.
The oils extracted fromthepulp and thenutweredark green from
the pulp and yellowish from the nut (Fig. 4). The difference in color
couldbebecauseof the skinwhichwasnot removed fromthepulpon
oil extraction. Oil percentages of 26.24% and 68.96%, were obtained
for the pulp and nut, respectively. Values are comparable with
commercial oil producers. It is notable that pili pulp still contains a
high amount of oil, although it is awaste product in the pili industry.
Themajor components and the physical and chemical properties
were characterized by using standard methods for the analysis of
oils and fats (Table 1). The oil is not yet appreciably commercialized,
although there has been signiﬁcant interest in the oil for the past
several years because of its physical and chemical properties. Early
studies have shown a correlation between the saponiﬁcation
number and iodine value with the saturation of the oil. This ﬁnding
is of signiﬁcant importance, especially for food purposes.
3.2. Fatty acid composition
The fatty acid composition is shown in Table 2. The oils of the
nut and the pulp were similar in composition, although there is less
oil content in the pulp. Analysis of the oils showed that the major
fatty acids of pili nut oil are palmitic (34.64%), stearic (9.99%), oleic
(44.13), and linoleic (10.33%). Less than 1% of myristic and arachidic
acids have also been detected.
The proﬁle shows pili nut oil is less unsaturated than pili pulp.
This is indicated by the lower iodine value. With pili pulp oil, the
major fatty acids were palmitic (23.96%), palmitoleic (4.66%),
stearic (2.64%), oleic (60.93%), and linoleic (6.63%). Pili pulp oil has a
higher oleic fatty acid value than pili nut oil and this is shown by the
higher iodine number. However, stearic and palmitic acids are
greater in pili nut oil. This ﬁnding is correlated with the higher
saponiﬁcation number.
3.3. Unsaponiﬁable matter, carotenoids, tocopherol, and sterols
The carotenoid, tocopherol, and sterol components were eval-
uated after the isolation of the UM from the oils. The UM comprises
all of the oil constituents that have very low solubility inwater after
basic hydrolysis (i.e., saponiﬁcation) and are soluble in solvents. The
concentration of UM in an unreﬁned lipid is 0.2%e2.0% with an
average of 1.0%; however, a concentration as high as 10% can be
obtained [11]. The percent unsaponiﬁable matter and the fractions
Fig. 4. Oils extracted from the pili nut and pulp using the enzymatic technology of
BIOTECH (Los Ba~nos, Philippines). (A) Pili nut oil, and (B) Pili pulp oil.
Table 1
Physical and chemical characteristics of pili pulp and pili nut oils.
Properties Pili pulp oil Pili nut oil
Speciﬁc gravity (28C) 0.9012 0.8936
Refractive index (25C) 1.4590 1.4999
Iodine (I2) number (g I2/100 g oil) 74.57 56.20
Saponiﬁcation number (mg/g oil) 178 193
Free fatty acid (mg/g oil) 5.23 0.18
Peroxide value (meq/kg oil) 3.15 1.25
Unsaponiﬁable matter (%) 1.69 0.55
Fig. 3. Enzymatic extraction of pili pulp and nut oils at pilot scale using optimized temperature, pH, pulp water ratio, enzyme concentration, agitation speed, and reaction time.
Table 2
Fatty acid proﬁle of pili pulp and pili nut oils.
Fatty acid Percent composition
Pili pulp oil Pili nut oil
C14:0 0.14 0.10
C16:0 23.96 34.64
C16:1 4.66 e
C18:0 2.64 9.99
C18:1 60.93 44.13
C18:2 6.63 10.33
C18:3 0.84 0.59
C20:1 0.20 0.23
C14:0, myristic acid; C16:0, palmitic acid; C16:1, palmitoleic acid; C18:0, stearic
acid; C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid; C20:0, arachidic
acid.
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ﬁcation by the BIOSOFT Quantiscan (Biosoft) method are shown in
Table 3 and in Figs. 5 and 6.3.4. Detailed analysis of the carotenoid, tocopherol and sterol fraction
A detailed analysis of the carotenoid fraction by HPLC is shown
in Table 4. Based on authentic standards, a- and b-carotenes,lycopene, and hydroxylated carotenoids were present. b-Carotene,
a very important carotenoid, has a higher concentration in pili pulp
oil (56.89 mg/100 g oil) than in pili nut oil (17.40 mg/100 g oil).
Lycopene (13.60 mg/100 g oil) is present in pili pulp but absent in
pili nut.
Table 3
Percent unsaponiﬁable matter and its carotenoid, tocopherol and sterol fractions.
UM, mg/100 g oil Composition, mg/100 g oil
Carotenoid Tocopherol Sterol
Pili pulp oil 1,690 141.79 92.44 1,009.61
Pili nut oil 550 27.61 35.86 268.79
UM, unsaponiﬁable matter.
Fig. 5. Thin-layer chromatography fractionation of the unsaponiﬁable matter of pili
pulp and nut oils using BIOSOFT Quantiscan (Biosoft, Los Ba~nos, Philippines). Lanes
1e3 are the standards (i.e., 1, tocopherol; 2, carotene; 3, sterol). Lanes 4 and 5 are the
unsaponiﬁable matter of pili pulp and pili nut oils, respectively.
Fig. 6. Quantiﬁcation of spots using the Biosoft QuantiScan Software (Biosoft, Los Ba~nos, Ph
height, width, background, and net area. Peak areas can be calculated by integration.
Table 4
Composition of the carotenoid fraction of Pili pulp and nut oils.
Composition, mg/100 g oil
Pili pulp oil Pili nut oil
Lutein 15.60 2.01
Zeaxanthin 15.72 3.22
Lycopene 13.60 e
a-Carotene 39.99 4.98
b-Carotene 56.89 17.40
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Tocopherol, g-tocopherol, and d-tocopherol are present in both oils.
Vitamin E activity, which is indicated by a-tocopherol, is present in
pili nut oil (1.08 mg/100 g oil), whereas it is absent in pili pulp oil.
Antioxidation properties, as indicated by d-tocopherol, is higher in
pili pulp oil (72.47 mg/100 g oil). The tocopherol content of these
oils indicates the promise of using these oils in specialty fat and oil
preparations.
The composition of the sterol fraction from the UM of the oil
samples analyzed by HPLC (Table 6) showed lanosterol, stigmas-
terol, b-sitosterol, campesterol and brassicasterol, which were
identiﬁed by comparing their relative retention times with the
reference standards.
4. Discussion
The technology of enzymatic oil extraction gave a lower oil yield,
compared with conventional solvent-based extractions (i.e., an
extraction efﬁciency of 76%). A lower oil yield was obtained,
although the extracted oil can have a better quality because theilippines) for which reports can be generated for all peak parameters such as position,
Table 5
Composition of the tocopherol fraction of the pili pulp and nut oils.
Composition, mg/100 g oil
Pili pulp oil Pili nut oil
a-Tocopherol e 1.08
b-Tocopherol e e
g-Tocopherol 20.02 11.35
d-Tocopherol 72.47 22.72
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temperature that would ensure that the product does not undergo
unwanted reactions and lead to undesirable byproducts. Enzyme
extraction of oil reportedly yields increased lipid components such
as tocopherols, carotenoids, and phytosterols and may have
different fatty acid compositions, compared to solvent-based ex-
tractions. Hence, the use of enzymes in extracting oil can lead to a
higher value product that is safe, inexpensive, and environmentally
friendly [12,13].
The saponiﬁcation value, which is the number of milligrams of
potassium hydroxide required to saponify one gram of oil, is higher
for pili nut (193 mg/g) than for pili pulp (178 mg/g). The oils, which
are composed of short chain fatty acids, have relatively high
saponiﬁcation numbers, but the pili nut oil has a low value. Thus, its
fatty acid composition is more of the long chain unsaturated fatty
acids. The saponiﬁcation value also implies the predominance of
the higher molecular weight fatty acids. The free fatty acid number,
which is an indicator of hydrolytic rancidity, has a higher value for
pili pulp oil than for pili nut oil. It can be assumed that pili pulp oil
undergoes hydrolysis to a larger extent than the pili nut oil. How-
ever, because of its resistance to hydrolysis because of the long
chain unsaturated fatty acids, the high free fatty acid value may
have been caused by the presence of phenolics and other acidic
compounds in the pulp.
The iodine number, which is a measure of unsaturation of an oil
or fat and deﬁned as milligrams of iodine that can be absorbed by
100 g of oil, is higher for pili pulp (74.57 mg/g) than for pili nut
(56.82 mg/g). This also shows that pili pulp oil is more unsaturated
than the nut oil. The dominant oil, oleic acid (C18:1), is quite high
and is much higher thanmost commercial oils, and can be classiﬁed
with highly monounsaturated oils such as olive oil. Interest in pili
oil has also been developing because of the g-linolenic fatty acid
content of both oils. The dietary intake of this unsaturated acid is
beneﬁcial for ﬁghting diseases and is useful as a health supplement
[14]. Both pili pulp and nut oils contain this fatty acid.
The UM represents the total quantity of organic substances
dissolved in the oil. These compounds, which include the carot-
enoids, tocopherols, sterols and other pigments, contributed to the
higher UM for the pili pulp (1.69%) than for the pili nut (0.55%) oil.
The dominant pigment for the pili oil is b-carotene, and this is much
higher in the nut oil.Table 6
Composition of the sterol fraction of the pili pulp and nut oils.
Composition, mg/100 g oil
Pili pulp oil Pili nut oil
Lanosterol e 17.12
Stigmasterol 185.46 123.35
b-Sitosterol 11.71 4.68
Campesterol 484.92 7.20
Stigmasterol 15.35 8.87
Unidentiﬁed 312.17 107.67The presence of other members of the carotenoid familyd
lycopene, lutein, and zeaxanthindmake the oils more interesting
because of their link to the reduced risk of several major diseases
such as certain types of cancer. [15]. The extraction of pili oil at
different stages of maturity shows that the level of this pigment
decreases as the seedmatures, but it remains a substantial source of
carotenoids. The major tocopherol, which is d-tocopherol, is higher
in pili pulp oil. a-Tocopherol is considered the most active among
the tocopherols, although the importance of the other tocopherols
should not be dismissed. The high oxidative stability of the oil could
be attributed to the d-tocopherol component of the oil.
The sterol fraction is the highest minor component in the UM. It
is higher in pili pulp than in the pili nut. Stigmasterol is the
dominant sterol in pili nut oil (123.35 mg/100 g oil), whereas
campesterol is dominant in pili pulp oil (484.92 mg/100 g oil). The
sterol analysis showed comparable sterol with those reported in
literature for other seed and nut oils or even higher values. The
presence of cholesterol has been regarded a minor component of
sterols in many vegetable oils and some research studies have
indicated their presence in small amounts in coconut, palm kernel,
linseed, cocoa butter, and other oils. The presence of these phy-
tosterols such as campesterol, b-silosterol, and stigmasterol make
pili pulp and nut oils potential products for the nutraceutical in-
dustry because of the pharmacological properties of these
phytosterols.
Pili pulp and nut oils are potential sources of important minor
components such as carotenoids, sterols and tocopherols, which
are being used and have contributed to the emergence of the nu-
traceutical industry. This holds the promise of the beneﬁcial effects
of pili oils and a sustainable way of producing value-added prod-
ucts with export potential that will beneﬁt farmers and co-
operatives interested in venturing into the pili industry.
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